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JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 
[Claim(s)] 

[Claim 1]A manufacturing method of a liner made from aluminum of a bomb which 
performs solution treatment to an aluminum material, gives a plastic strain after an 
appropriate time, fabricates the back end regio oralis, and is made into liner shape. 
[Claim 2]A manufacturing method of a liner made from aluminum of the bomb according to 
claim 1 given by ironing said plastic strain by board thickness percentage reduction of not 
less than 50% at ordinary temperature or temperature beyond it. 

[Claim 3]A manufacturing method of a liner made from aluminum of the bomb according to 
claim 1 given by ironing said plastic strain at temperature more than 125 degreeC. 
[Claim 4]A manufacturing method of a liner made from aluminum of a bomb which 
produces the deposit effect in an aluminum material by controlling and applying heat 
supply at the time of resin curing of a post process to a liner made from aluminum which 
gave and manufactured a plastic strain after performing solution treatment to an 
aluminum material. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the InventionlThis invention relates to the manufacturing method of the hner 

made from aluminum (an aluminum alloy is included) of a bomb. 

[0002] 

[Description of the Prior Art]As a bomb, there is a natural gas gas bomb for cars, for 
example. A bomb has various things, such as iron things and a thing (filament winding) 
which twisted the textiles for strengthening around the outside surface of the hner made 
from aluminum. JP,6-63681,A is indicating the manufacturing method of the liner made 
from aluminum of a bomb. There, drawing processing is performed to aluminum alloy 
extraction material, solution treatment of this drawing processing material is carried out, 
by performing impact processing after that, it fabricates to a closed-end cylinder body, and 
tubulure is formed by the die forging between the colds after that, aging treatment is 
carried out, and a small bomb is manufactured. Solution treatment is performed for the 
purpose of improvement in impact processing nature, and is not a thing aiming at the 
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intensity (proof stress) rise of a container. Generally the manufacturing method of the liner 
made from aluminum of a bomb, As conventionally shown in drawing 8 , it is manufactured 
by the process of closing and fabricating a port part, fabricating the raw material 1 which 
consists of an aluminum seamless pipe in liner shape, performing solution treatment (for 
example, 520 **x2Hr), and performing aging treatment (for example, 180 **x6Hr) further. 
Although there is only proof stress (0.2% proof stress) of only about 145 MPa(s), it goes up 
by solution treatment to about 280 MPa(s) by aging treatment. Therefore, the aging 
treatment after solution treatment is indispensable because of the improvement in proof 
stress in a conventional method. 
[0003] 

[Problem(s) to be Solved by the Invention]However, there is the following problem in the 
conventional method. 

** Even if it raises proof stress by aging treatment, they are only about 280 MPa(s). 

** Aging treatment requires great time and work compared with other processes. For 

example, although the solution treatment of an aluminum material takes about 2 hours, 

aging treatment takes about 6 hours. Therefore, when aging treatment occurs, 

complication of the increase of increase of working hours and a process and manufacture is 

caused. 

** That it is difficult to optimize raw material board thickness by complication of 
manufacture, when the proof stress which comes out by prescription is only about 280 
MPa(s), board thickness became thick and has caused the increase of weight, and a cost 
hike. 

** Modification by solution treatment will remain in the final shape of a container. 

The purpose of this invention is to provide the manufacturing method of the liner made 

from aluminum of a bomb which can improve proof stress, can abolish aging treatment and 

can be processed with high precision without leaving modification of the container by 

solution treatment. 

[0004] 

[Means for Solving the ProblemlThis invention which attains the above-mentioned 
purpose is as follows. 

(1) A manufacturing method of a liner made from aluminum of a bomb which performs 
solution treatment to an aluminum material, gives a plastic strain after an appropriate 
time, fabricates the back end regio oralis, and is made into liner shape. 

(2) A manufacturing method of a liner made from aluminum of a bomb given in (l) given by 
ironing said plastic strain by board thickness percentage reduction of not less than 50% at 
ordinary temperature or temperature beyond it. 

(3) A manufacturing method of a liner made from aluminum of a bomb given in (1) given by 
ironing said plastic strain at temperature more than 125 degreeC. 

(4) A manufacturing method of a liner made from aluminum of a bomb which produces the 
deposit effect in an aluminum material by controlling and applying heat supply at the time 
of resin curing of a post process to a liner made from aluminum which gave and 
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manufactured a plastic strain after performing solution treatment to an aluminum 
material. 

[0005]After solution treatment, by giving a plastic strain, proof stress can be raised 
compared with proof stress acquired by the conventional aging treatment after solution 
treatment, and, in a manufacturing method of a liner made from aluminum of a bomb of 
the above (l), prescription after solution treatment becomes unnecessary. Working hours 
and rating decrease and a decrease of a process and a manufacturing method are 
simplified by prescription abolition. Without the ability to send [ final shape's being made, 
without giving excessive thickness at a plastic strain grant process by the simplification of 
a manufacturing method, and ] proof stress by a plastic strain grant process more than 
improvement in proof stress by the conventional prescription more, Optimization of board 
thickness and reduction can be aimed at and weight reduction and a cost cut can be aimed 
at. Modification of a container produced by solution treatment can all process it with high 
precision to final shape of a container, when right set by plastic strain grant. Proof stress of 
about 320 or more MPa can be attained at a plastic strain grant process by a method of of 
the above (2) and (3). A manufacturing method of a liner made from aluminum of a bomb of 
the above (4), By controlling and applying heat supply at the time of resin curing of a post 
process after manufacture by a method of the above (l), in an aluminum material, are the 
deposit effect the method of producing and by this deposit effect. Compared with proof 
stress (proof stress acquired by a method of the above (l)) acquired by plastic strain grant, 
proof stress can be raised further. 
[0006] 

[Embodiment of the Invention] Drawing_J^shows the manufacturing method of the liner 
made from aluminum of the bomb of the 1st example of this invention to process order, 
Drawing 2 shows the manufacturing method of the liner made from aluminum of the bomb 
of the 2nd example of this invention to process order, Drawing 3 is shown in process order 
and the manufacturing method of the liner made from aluminum of the bomb of the 3rd 
example of this invention drawing 4 . The relation of the board thickness percentage 
reduction, working temperature, and proof stress in the 1st - the method of the 3rd 
example of this invention is shown, Drawing 5 shows the manufacturing method of the 
liner made from aluminum of the bomb of the 4th example of this invention to process 
order, and the graph shows that the proof stress of drawing 6 and drawing 7 of an 
aluminum material improves further according to the 4th example of this invention. The 
same agreement is given to the portion similar to any example of this invention among the 
figure covering all the examples of this invention. 

[0007]First, a portion similar to any example of this invention is explained, for example 
with reference to drawing 1 . drawing 4 . and drawing 5. The liner 11 made from aluminum 
of a bomb is a liner made from aluminum of the natural gas bomb for cars, for example. 
The shape of the liner 11 made from aluminum is a joint-less liner which consists of the 
body 12 and the hemispherical part 13 of the both ends, for example. The fiber reinforced 
15 for FRP is wound around the liner made from aluminum of a bomb by a body or all the 
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peripheries after production, and impregnate with these textiles, and it makes them heat 
and harden resin (thermosetting resin), and let it be a bomb. 

[0008]The manufacturing method of the liner 11 made from aluminum of the bomb of this 
invention example has the process 101 of performing solution treatment to the aluminum 
material 10, the process 102 of giving a plastic strain after an appropriate time, and the 
process 103 that fabricates the back end regio oralis 14 (mouth closing shaping), and is 
made into liner shape. The manufacturing method of the liner 11 made from aluminum of 
the bomb of this invention example, The process 104 of rolling and (winding) making the 
fiber reinforced 15 for FRP (filament) the liner 11 made from aluminum which gave and 
manufactured the plastic strain after performing solution treatment, The process 105 
which produces the deposit effect and raises aluminum material intensity in an aluminum 
material [ heat supply / at the time of the resin curing which these textiles 15 are 
impregnated with the resin (thermosetting resin, for example, an epoxy resin) 16, and is 
heated and stiffened / liner / 11 / made from aluminum ], It may have. 

[0009]The manufacturing method of the liner made from aluminum of the bomb of this 
invention example has the offer process 100 of the aluminum material 10 before degree 
[ solution chemically-modified ] 101. The aluminum material 10 is supplied to the solution 
treatment process 101 with the gestalt of pipe shape or the pipe shape by which the end 
was closed. The aluminum material of the liner 11 made from aluminum is desirable 
precipitation-hardening type material composition (aluminunvMg-Si alloy) like JIS6000 
system, for example, is A6061. The aluminum material 10 is **. for example, a seamless 
pipe, for a joint-less raw material. Solution treatment is performed by carrying out 520 ** - 
530 **x2Hr heating, and, for example, quenching the aluminum material 10 subsequently. 
The proof stress of the aluminum material after solution treatment is about 145 MPa(s). 
[0010]Grant of a plastic strain is ironing (plastic working accompanied by change of the 
board thickness of a raw material) changed to the part (the example of a graphic display 
body 12) or all the raw material board thickness of a raw material, for example. In the 
grant process of a plastic strain, the 0.2% proof stress of 320 or more MPa is acquired 
depending on the grant conditions of a plastic strain. 320MPa is 14% rises compared with 
the proof stress of 280MPa by the conventional aging treatment after solution treatment, 
in order to search for the grant conditions of a plastic strain suitable for the improvement 
in intensity (proof stress), various working temperature and the amounts of strains were 
boiled and changed, and the examination which searches for proof stress (0.2% proof 
stress) was done. Working temperature was changed to ordinary temperature (cold work), 
100-125degreeC, 125 150degreeC, and 150-175 degreeC. Board thickness percentage 
reduction was changed to 15%, 35%, 55%, and 75%. A result is shown in drawing 4 . 
[00 11] Compared with cold work, improvement in big proof stress is found for the direction 
of processing between **, and improvement in proof stress is found also by a plastic strain 
small moreover so that drawing 4 may show. If a plastic strain is made into board 
thickness percentage reduction and it is made to not less than 50%, the big improvement in 
proof stress also between the colds will be found. It is thought that the reason the 
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improvement in proof stress is obtained is based on work hardening, and also it is because 
the phenomenon near prescription has arisen by the thermogeneration in the raw material 
at the time of processing. 

[0012]As for plastic strain grant, in order to acquire the 0.2% proof stress of 320 or more 
MPa so that drawing 4 may show, it is desirable to be carried out by the board thickness 
percentage reduction of not less than 50% giving a plastic strain at ordinary temperature 
or the temperature beyond it, or giving a plastic strain at the temperature more than 125 
degreeC. Here, board thickness percentage reduction is defined as x(board thickness before 
/(board thickness after the board thickness-reduction before reduction) reduction) 100%. 
The proof stress acquired when aging treatment (for example, 180 **x6Hr) is performed 
after [ usual ] solution treatment (for example, 500 **x2Hr) is about 280 MPa(s) (it changes 
a little with processing conditions), doubles it and is shown in drawing 4. 
[0013]The shaping (mouth closing shaping) process 104 is performed after ironing, for 
example, depends the port part 14 on spinning. Aging treatment is not performed after 
ironing. Therefore, the aging treatment process which was necessity conventionally is 
removed from the manufacturing process of the container. 

[0014]To the liner 11 made from aluminum which gave and manufactured the plastic 
strain after performing solution treatment, it is a fiber reinforced for FRP (with a 
filament.) at the process 104. For example, roll the textiles 15, such as carbon, glass, and 
aramid, and the thermosetting resin 16 (for example, epoxy resin) for the textiles 15 at the 
process 105 being impregnated, heating, and when making it harden, By producing the 
deposit effect in an aluminum material [ heat supply / at the time of resin curing ] using 
the heat for resin curing, For example, material strength is raised by depositing 
compounds (for example, Mg 2 Si or the intermediate compound to that), such as Mg, Si, and 
Zn. The relation of the quantity of heat (temperature x time) and aluminum material 
intensity (0.2% proof stress) which are supplied to the aluminum material in the case of 
supplying quantity of heat to an aluminum material using heating at the time of resin 
curing is as being shown in drawing 6 . When temperature is 180 **, time is made into 
about 2 to 4 hours (if it is more than it, material proof stress may decline by overaging), 
and when temperature is 150 **, time is made into 6 hours for about 4 hours or more, for 
example. When temperature is lower than 120 **, quantityof-heat feed time becomes long 
too much, and it stops being suitable for production. Therefore, when controlling and 
applying the heat supply at the time of resin curing, temperature shall be 120 ** - 200 **, 
temperature shall be 150 ** - 180 ** desirably, and time is set to 2 - 8Hr, and it lessens 
quantityof-heat feed time, so that temperature is high. 

[0015]Below, an operation of the above-mentioned portion similar to any example of this 
invention is explained. In the manufacturing method of the liner 11 made from aluminum 
of the above-mentioned bomb. Compared with the proof stress (280MPa) acquired by the 
conventional aging treatment after solution treatment by giving a plastic strain after 
solution treatment depending on the method of grant of a plastic strain in the aluminum 
material 10, proof stress can be raised to 320 or more MPa, and the prescription after 
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solution treatment can be abolished. When aging treatment is performed after plastic 
strain grant, proof stress may decline conversely just like the proof stress acquired by the 
conventional aging treatment. Working hours and rating decrease and the decrease of a 
process and a manufacturing method are simplified by prescription abolition. Without the 
ability to send [ final shape's being made, without giving excessive thickness at a plastic 
strain grant process by the simplification of a manufacturing method, and ] proof stress by 
a plastic strain grant process more than the improvement in proof stress by the 
conventional prescription more, Optimization of board thickness and reduction can be 
aimed at and weight reduction and a cost cut can be aimed at. 

[00 16] When the physical characteristic the case where purchased the commercial tank and 
the natural gas bomb for cars is manufactured, and at the time of manufacturing the 
natural gas bomb for cars by this invention example method is compared, it comes to be 
shown in Table 1. 
[0017] 
[Table l] 

[0018]As shown in Table 1, by giving the plastic strain after solution treatment, By 
allowing it for the accuracy of a product to become good, to draw through and to fabricate 
at a process to the last board thickness, since material strength's being able to improve and 
heat treatment with a product configuration become unnecessary (it is not necessary to 
consider it as excessive board thickness), The container drum part which becomes the 
largest in generating stress can decrease from 8.4 mm to 3.0 mm, and no less than -61% of 
weight reduction and material cost reduction can be aimed at. Since a long time becomes 
unnecessary [ required aging treatment ], manufacture time can be shortened and cost 
reduction can be measured. 

[00 19] When making the liner 11 made from aluminum which gave and manufactured the 
plastic strain produce the deposit effect and raising material strength to it [ heat supply / 
at the time of resin curing ] after performing solution treatment, As shown in drawing 6 
and drawing 7 , proof stress is able to raise 350 or more MPa 0.2%, and proof stress 
improved further compared with the 0.2% proof stress of 320 or more MPa of the 1st - the 
3rd example of this invention. As compared with 280MPa of 0.2% proof stress which 
performed the conventional aging treatment after solution treatment, this. Not less than 
14% of proof stress rise was obtained by 320MPa of the ironing after solution treatment, 
and 25% of proof stress rise was obtained by 350MPa by the ironing after solution 
treatment, and precipitation hardening by the heating use at the time of subsequent resin 
curing. 

[0020]Below, a portion peculiar to each example of this invention is explained. The 1st 
example of this invention is the high intensity container manufacturing method which 
used the pipe material. As shown in drawing 1 , in the 1st example of this invention the raw 
material supply process 100, It consists of a process of supplying the aluminum material 10 
of an aluminum seamless pipe, Solution treatment is performed at the process 101 by this 
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state, ironing is performed at the process 102, mouth closing processing is performed to one 
end by spinning by the forming cycle 103, and, subsequently to the other end, mouth 
closing processing is performed by spinning. In the 1st example of this invention, since a 
pipe material is used, acquisition of a raw material can provide a joint-less raw material 
easily. 

[002l]The 2nd example of this invention is the high intensity container manufacturing 
method which used the plate. As shown in drawing 2 , in the 2nd example of this invention 
the raw material supply process 100, It consists of a process of carrying out draw forming 
of the aluminum plate material to the mold without a joint which is not followed by 
spinning or press working of sheet metal, and supplying the aluminum material 10, 
Solution treatment is performed at the process 101 by this state, ironing is performed at 
the process 102, and mouth closing processing is performed to an open end by spinning by 
the forming cycle 103. A raw material is cheap, acquisition is easy, and since a plate is 
used, it fabricates in the 2nd example of this invention, and a joint-less raw material can 
be easily provided in it. 

[0022]The 3rd example of this invention is the high intensity container manufacturing 
method which used the bar. As shown in drawing 3 , in the 3rd example of this invention 
the raw material supply process 100, It consists of a process of fabricating aluminium -bars 
material in the mold without a joint which is not followed with reverse extrusion shaping 
(put in a bar in a mold and fabricate by pushing punch on a bar to the side which does not 
extrude and follow a raw material to the crevice between a punch and a mold back), and 
supplying the aluminum material 10, Solution treatment is performed at the process 101 
by this state, ironing is performed at the process 102, and mouth closing processing is 
performed to an open end by spinning by the forming cycle 103. A raw material is cheap, 
acquisition is easy, and since a bar is used, it fabricates in the 3rd example of this 
invention, and a joint-less raw material can be easily provided in it. 

[0023]The 4th example of this invention at the liner 11 made from aluminum 
manufactured in the 1st - the 3rd example of this invention. As shown in drawing 5 , roll a 
filament at the process 104, and while impregnating with resin and making it heat and 
harden at the process 105, the heat at the time of heating of resin curing is used, It is a 
high intensity container manufacturing method which raises material strength by heating 
an aluminum material and depositing compounds, such as Mg, Si, and Zn, in an aluminum 
material. The quantity of heat of aluminum heating at the process 105 is 180**x2 - 4Hr or 
150**x6 - 8Hr, for example. As this showed to drawing 6 and drawing 7, the material proof 
stress of about 350 MPa was acquired by precipitation hardening, and 25% of improvement 
in proof stress was attained compared with 280MPa in the case of being the conventional 
aging treatment after solution treatment. 
[0024] 

[Effect of the Invention] After solution treatment, by giving a plastic strain, proof stress can 
be raised compared with the proof stress acquired by the conventional aging treatment, 
and, according to the manufacturing method of the liner made from aluminum of the bomb 
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of claim 1, the prescription after solution treatment becomes unnecessary. Working hours 
and rating decrease and the decrease of a process and a manufacturing method are 
simplified by prescription abolition. Without the ability to send [ final shape's being made, 
without giving excessive thickness at a plastic strain grant process by the simplification of 
a manufacturing method, and ] proof stress by a plastic strain grant process more than the 
improvement in proof stress by the conventional prescription more, Optimization of board 
thickness and reduction can be aimed at and weight reduction and a cost cut can be aimed 
at. Modification of the container produced by solution treatment can all process it with 
high precision to the final shape of a container, when right set by plastic strain grant. 
Since according to the manufacturing method of the liner made from aluminum of the 
bomb of claim 2 a plastic strain is given at ordinary temperature or the temperature 
beyond it and not less than 50% of board thickness reduction is given by ironing, the proof 
stress of about 320 or more MPa can be acquired at a plastic strain grant process. Since a 
plastic strain is given by ironing at the temperature more than 125 degreeC according to 
the manufacturing method of the liner made from aluminum of the bomb of claim 3, the 
proof stress of about 320 or more MPa can be acquired at a plastic strain grant process. 
Since the heat supply at the time of the resin curing of a post process is controlled and 
applied according to the manufacturing method of the liner made from aluminum of the 
bomb of claim 4, The deposit effect can be produced in an aluminum material and the proof 
stress of an aluminum material can be further raised by this deposit effect compared with 
the proof stress (proof stress acquired by the method of claim l) acquired by plastic strain 
grant. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing l] It is process drawing of the manufacturing method of the liner made from 
aluminum of the bomb of the 1st example of this invention. 

[Drawing 2] It is process drawing of the manufacturing method of the liner made from 
aluminum of the bomb of the 2nd example of this invention. 

[Drawing 3] It is process drawing of the manufacturing method of the liner made from 
aluminum of the bomb of the 3rd example of this invention. 

[Drawing 4] It is a graph which shows the relation between working temperature, the 
amount of strains (board thickness percentage reduction), and 0.2% proof stress. 
[Drawing 5l lt is process drawing of the manufacturing method of the liner made from 
aluminum of the bomb of the 4th example of this invention. 

[Drawing 6] It is a graph of the test result which shows a relation with the retention time of 
the 0.2% proof stress and each temperature of the aluminum material in the 
manufacturing method of the liner made from aluminum of the bomb of the 4th example of 
this invention. 
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[Drawing 7] It is a graph which shows the material proof stress acquired with the 
manufacturing method of the liner made from aluminum of the bomb of the 4th example of 
this invention as compared with the material proof stress acquired by the material proof 
stress and solution treatment which are obtained by strain grant. 

[Drawing 8l lt is process drawing of the manufacturing method of the liner made from 
aluminum of the conventional bomb. 
[Description of Notations] 

10 Aluminum material 

11 The liner made from aluminum 

12 Body 

13 Hemispherical part 

14 Port part 

15 Fiber reinforced (filament) 

16 Resin 

100 The offer process of an aluminum material 

101 A solution chemically-modified degree 

102 Plastic strain grant process 

103 Molding-containers process 

104 Filament winding process 

105 Resin heating and a curing process (process with precipitation hardening of an 
aluminum material) 
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KjfxLTfcO, |212ti*5|B^m2ll)5S01J(OSE^X§ 

TfcO, H3«*^0^3j|)SSPO]«E^X§g§CD7 

0, 12414, *%W<om 1 ~^3SIMc073i£fc*5lt§ 
t&IPM'J^, J!)PX^fcBft£cDM#£*LTfc9, El 
5«*^<D^4*flii^cD^E^Xgg§C07;l/5^^A 
H?^-*— cDg¥>t73i££X£lf^LTfc9, 06, H 
7 l£*mR<Dm 4 USSW;: 4; o 7 ;U = - 7 AlfficDBft 

f4, *^O^TO^»l(ct>fcoT|H)i;?vF'g'^WL- 

[0007] s-r, *mn<D®n<D-£mmi,ct>&m£K 

immtZ&ftZ. fcfca.t4\ Bl. H4, H5£#!$ 
LT, IfiB^-TSc ffiE^Xgg§07;U5r.'i;Aia7-i'7 

mmt, tctz-imm^i 2 t^cojasjsgpo^^gpi 

3t^e»^Silg«L7'l'^— TfeSo iS5E#Xgggco 
7;l/ = ^'>A|!l7f'^— t4, fWffe, RitigP^/c{i^ 
JDtcFRPffl3£<tSg8£l 5£#frn, IS»^a}(]g (ift 

[0 0 0 8] *?gH^)SEi^JcOiffiE^XS8§©7^5r:'i7 

tcrswtsaa^sa-rxs 1 0 1 1, Lfrzimftu-ffr 

^4-T5X@l 0 2fc, ZO'imQffi 1 4£$fl5 (□ 
P^UfiKB) LTv-f-*— 0 3i:, £W 

(c, F R Pffl^fb«*i {V<7*>h) 1 5£#2 (7 

-ryr-fyy) ?&xm 1 0 4 imm.\ sicmm 

SH^P®, • E)gft:S-<i:Siafl§(i8ftB#(0(tt^^ia^7;U5x 
VLMyJ-t- 1 HcftHi9UP*T7;l/5x?Att*4>t' 

SXSl 0 5£, £LT^T&J:l,\, 



[0 0 0 9] *«W*««>J©*E3ffX8«©7;l/5-f 

oiiit^rtt«, »#ftiei 0 1 ©ajtcz 
>w7w<DBmT'®mtimxmi 0 1 t«»sn*. 

7rt/5x9 Ag^-r^-l 1 CD7;U5-7AWm, H 
3, L < 14 J IS6000 £©4, 9 fctfttiWfcSOtmii 
fi!c (A 1 -Mg-S T'fct), fefc*tf A6 0 6 

im t:fc, 7;l/5x9AJH# 1 Otis MSftLm 

14, fcfc*t4\ 7/l/$-?ASSi*tl 0 3:5 2 0°C~5 3 
0°Cx 2H r*P^LOl/->T'il^-r 5C tlcZO'ttSo ffi 
f*ffcMJi&07/t/S-£A*m©B;ty4#ll 4 5MP a 

[0 0 10] ffltt»f»Of»f^tt, fcfcS-lf, 3t#£D- 
gflft (0^0IJ1?anftiSI5 1 2) Sfcti^gP©, mw^ff 

ttOf*©I^M(a-3t(i, 3 2 0MPaW±O 
20 0. 2%W^*^#6n§o 3 2 0MPati, t^*<0}8# 

ftsaatSB#5?/)«aa{c <fc§ 2 8 0 m p a ©w^jfcjf<T, 

1 4%7y7 , Tfe§o (it7J) (6j±tc)i-rsgi14t> 

S^fc^AT, if^i (0. 2%B*j) ^toSUK^ff 
ofco /)oxra«tt, Htfi (ftlHAni) > 1 0 o~i 2 5 

0 C, 125~150° C, 150~175° CtC^ft 
£-t±/c„ Sfc, W«'>$lil 5%, 35%, 5 5%, 

7 5 Kfcgfts-e-fc. ea*H 4 t^-r„ 

[001 1] 0 4A^e>t)A^J;?tc, i&RST'Oiroxto^ 

30 *^H*DXfcJt^T*$%W^OlRl±A^6n, L^t 
HO-^^Wii^fc LT 5 0 %W±»c-T S i:, i^M 
fttt, JipXSfbfci^ffi, idPX«FO^tt*<o^fS^tc«i; 

[0 0 1 2] 04*>P>t>frSJ:9t, 3 2 0MPa«i 
COO. 2%B**#*fc«)fc, fflit»-f»f*4H:» mfi 
*»*nW±OJBfiT 5 0 %W±C«JP«'>*-Pfflttt>"f 
40 aiugrW^S^ £-51/^4 12 5* C«±«DfiSl?ffi14 

Cut?, tg(PM'>^(i, ( CilSi^tiJcOtSif-^^OtS 
(?) /SE'>H((COffiJ?) x 1 0 0%£LT5gjgSft3o S 

fc M^co, mmmm (tztzis, soo°cx2h 

r ) mctifWlMM (tztXtf, 1 8 0 °C x 6 H r ) %?? 

ntzm^w^nzmtumz 8 omp a mm&mc 

So 

[0 0 13] JftPfflU 4^fiEffJ (PKlJfiWB) XSl 0 

so 4t4, Lcr**ni8Hcfft>n» fctxtf, xtm>y*p 



(4) 



^2 0 0 0-2 3 3 2 



[0014] mMmmzmLtzim&u-ffrZtts-L 
rmmLtz7)is.=.<yi,m ; 7^i— i it, 11104 
T'tRpmmmm o^y+yvx, rctz.t,£ti-x 
x ■fiv*. Tys. mvmm) 1 5£#t, isi 0 
5xmm \ 5icmMt&mmi 6 (fcfc*.^ x#*i/ 
ttfli) , • ®\t$ mmmmo 

J:t>, fcfcAtfMg, S U ZnSOit^ft (fcfc* 
If, Mgz S 1> tfcfi^n^O^Hft^) £#rffi£ 
&ZC£IC&9, mHUK«M»«. WHfisWatalft 

7;b5-«?A«»k:«|ftsn*»« (fflSxBSM) fc7 
;U=-^AW*4®a (0. 2%H^J) fccolia^«0 6(C 

^•rao-efes. 8 o'coit^(iB#^«^2~ 
4mm tt &tiu±tst. mmmc£>)ttumijm& 



fctAtf 6B#Hff5„ Stttfl 2 0°CJ; 

»>«v^j»«fl«e^iaiA<s<at)iirTSfe«taLft< 

iasai 2 0°C~2 OOttL, iI3:b<«r5 
g£ 1 5 0 *C~ 1 8 0 X t U B#H8 2 ~ 8 H r t U 



[0015] oirtc, *5g^co{5jn©^s8CTtt«at 

7>i=.-<yL>mtt\ ozmmmmm, aitto-f#*f* 
a, a*o»f*<t«iaa^sw8ia-e#6nfcW* (2 8 

OMPa) {Cit^T»2j£3 2 0MP aJ-X±K|i)±?t 

iTfrtt$xmx*mi<Dmmc&zMtifa±&L±icMii* 
at c wet set. fcmnmmit. <m.% 

zo [o o 1 6] mis^v^ zmxLxmmmxmfizx 

•Si:, Slt^ti^li:^^ 
[0 0 17] 

[Si] 







(flE250MPalC*t 








2 8 OMP a 


3 2 OMP a (+14%) 


^« 


8 . 4 mm 


3 . 0 mm 




4 6. 2kg 


18. 0 k g (- 6 1 96) 


C FR P 


WW 
£5 


1 5 mm 

2 4. 1kg 


14 mm 

2 0. 7 kg (- 1 496) 




7 0. Okg 


3 8. 7 k g (- 4 5 96) 




1 3 8 L 


1 4 2 L (+ 3 96) 



[ooi8] ai^6*j^a±3n:, rawtayi&sitt 



50 



nsct (&#©iswfc-rs<&gtf£^) Kit), ^ 



(5) 
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mm{ei£'>T£> -6 1 %fc©fiffl?igu tfflnXUS 

x h imzizfrz c wets, 

[0 0 19] Sfc, JW*fc»a*«ILfcfflBttO-4"*ft 
{*4LTKBLfc7;l'5itfA«9-f*— 1 lie, OHM 

0. 2%U2J#3 5 0MPaW±{C|P)±S^SC fctfnj 
ATPfe 9 , *%.W<Dm 1 ~£ 3 *«60IJ© 3 2 OMPaU 
±00. 2%B*tJt^T, *6fcIMjJWft±«tlfci 

cn*> fie*o»wb«ia»^jajBa«:«Lfco. 2% 

mtl<D2 8 OM? a tltmtZt, feMt&W&LZZ 
tnXO 3 20MPa?14 %&±©W:ft 7 <y 6 

Olmmmi£&%1Sili!iWtfc&Z3 5 OMP aT'2 5% 

[0020] *awo**astf!iic»^*»#* 

»8ES88H3i»js6t?**o #f£0£©ljl l ISfilflMefc^T 
lis Hifc^-ri^Ks JRWfltt&XSi OOtf, 7;b = 
-?A->-AbX/W7©7/l/ = :^Aigttl 0£{«&£ 

*S6U xsi o f&mxmi o 

3 1? — 4S(c X V yfaXfe J; 0 PBfl D*DX£j5£ U o 
v^flMBtxtr-y finite J: t)PP^i;ijnx%SS-ro * 

©A¥tfSlT*2a?>, *vogl{e$Bg£LJ&«£*l#-e 

[0 02 1] *^cDS2HWJli« «*t*ffi^fc»» 

tt, 0 2 fe^t X#0U£X8i OOtf, 7;U3 
- ? a sm* x t? =. > y mx g tz. it 7 u x/mxse <t o is 

{fcfflSfcSSU XSl 0 2?LCftrJiqX£ttU fiStJgX 

810 3 flMt x tf^y y/raxte j; o Pffl tioi* 

[0 0 2 2] *«W<!)J(!3*«itf>Jtt, #*t*ffl^fc»» 

03t^-rj:dfc, swflwexei oo*^ 7 US. 
iifcmtt*WLtiiL-zist>&micf£tiz-t set) ic&o 

mB%L(Dftt>A,miclitBLT7>\s5.=-<yLmtt 1 0£ 
0$&-fSXSfre>fcD, e©#irt'I*I l 0 lTigfM: 

«js**u xsi o 2Ttcrt*nx*«u fiEJfcxfi 

1 0 3TBStt«IIK:Xlf->'y*PX»cJ:'?PEBi;JtaI*li 



■r. *awo»3^iMiW-ea:, wtt^jflrrs©?, $ 

[00 2 3] #fgB£©?S5 4 &ffi0)JfcS\ *»WOiB 1 ~SS 
3^WJT'li3iLfc7;l/5-^Aii7^-f-l He, 0 
SfcSVT.fc'MeXifi 1 0 4T7-T7^>h?:i^ Xg 

i o 5T»«»**a«*j!ipj» • mtz&ztt^Kmm 

L7/l/3-?A*m*leMg, Si, Zn3F©{fc&»S: 

ja7?)ST*S§o XSI 0 ST'O/jR-^WlWl 
ti, fcfc&tf, 18 0°CX2~4Hr, t.fclt\ SOX. 
x 6~8H rT*j&5. Ctllc&iT, H6, H7(C^-T 
ffiHiWfl:K:J:0 3 5 0MPae*o*ffiB**« 

86 n, ti£3i£ojSftftffiaai^s»ffla©«^o 2 8 0 m 

P a ieJt^T 2 5 %(DmJlfa±ff'*J&t%?tco 
[0 0 2 4] 

[58W©S&*] ©*E*rx8«©7;l/5-tfA 

re suiZiffio*«ftK:«k»)ffitt»-#'*f*#xs-e3ft» 
cow c t * < «»jB«tett±cf * c t 

Set, fc«fctfffltttt-f*f*4xeTtt*©BS&lcJ:S 
jH^rfijXJ-^teif^^m-refc^T-tsefc, te«t9, 

xh^v^tt^set^ftSo »ftft»a»e 

I't- ©Sii^iS{ej;ntf, ffltt»f «a*»*n 
w±©as"p 5 o %{itcw« u crtiraxT'M^ 

■fS©T% §!14r>-r*##XST**I3 2 0MP aW±© 

i^mcttf-e**. w*«3©;«E*xsfg©7 

1 2 5° CW±©fig-CLC£*DXf 
•ra©T*> ^ttO-f*^4XST^ 3 2 0MP aW±© 
40 »^3*»SCi:*<r#5o 4 ©£SE#X!ggg©7 

/I/S-^am^'T^— ©HiS^rffiteintf, axa©» 

fli5gfm©f«*&»iffl^»]^ Uta*. S©T\ 7;U = ^ £ A 
WWe#rm^3i£Xi;S-i± C£DUftB?aiS(e 9 

iio-f *w4-c»6nftw^ (W«« i ©^^T'#p>n 

fcit^») (ctb^T, 7/b = -^A«^©iH^^S?)(e(pj 
±^-a-se ttftS5. 
[E][g©fBWifcI«H,3] 

[0 1 ] *%W<DWi 1 *»0!|©fl5E;tfXgffl©7/U5- 

•>A»5-i'^-©i!iJi*a©ieHTa&*. 

so [0 2] *aw©»23*iMi«l©SEXfXS»©7;U3- 



[04] toias, a^s mmmm to. 2% 

[H5] *mi<DWi4mMm<D1giE.JlZ®®(D7fr=L- 
[El 6] *%W<D%4nMm<DlfEtiX®%CD7)\'5.- 

Ktt$T>% <b n z> tins f: <fc tf&w mmx-m en s 

[0 8] ti£*©«E#Xgffl©7/l'3-'>Aa!5>r*- 
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10 

1 0 Z^^i^** 

1 1 TD/s.-VLMU-T- 

1 2 RtmgB 

1 3 ¥i#l*gp 
1 4 

1 5 aiftrnt (7^5^^h) 

1 6 mm 

1 0 0 7iis.-t>ixmtt<Dm&x%. 

1 0 1 ®MtX®. 

1 0 2 fflttQl* »f*4!8 

1 0 3 ss««xa 

10 4 7-f7^yh^>f>f>yig 

1 0 5 #j£fta& • mtxm (7;U5 - 7AWft©#rffi 

figfttfa&SXg) 
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